Abstract Four oligomers are designed and studied by using density functional theory (DFT) and method ZINDO (Zerner's Intermediate Neglect of Differential Overlap) calculation for the absorption properties in three states: neutral, doped(p) and doped(d) to predict the effect of doping in the structure of these oligomers and to determinate the relationship between the different forms and the gap energy. Furthermore, we have calculated many parameters such as Voc, IP, AE, max to suggest these materials to use in solar cells Keywords-polaronic state-oligo -IP -ZINDO method-DFT I. INTRODUCTION The research focus on the development of new families of polymers more stable electronic conductors to air with the objective of increasing the conductivity of these materials obtained in film form usually insoluble. Consequentely the study has focused on: -Firstly, on the engineering and synthesis of these polymers so as to control the electrical optical and formatting. -Secondly, on understanding the mechanisms of transport in conjugated polymers in general. . This interest results mainly because these materials combine at the same time the excellent electric and optical properties of metals in the mechanical properties of the classic polymers [5], they are light, moldable and less expensive than the traditional materials such as glasses and metals. Because of their important applications and thanks to their promising physicochemical properties, several researchers were attracted in the theoretical and experimental study of the conjugated polymers. Obtaining and understanding the structural properties and opto-electronic remain a major stake in the study of these systems. The researchers have an interest for the solar cells (hetero-junction) based on the C60 fullerene derivatives [7] , they explicate the relationship between the photovoltaic performance and the nature of acceptor groups in the compounds [8] . Low band gap materials are used to better exploit the solar spectrum and increase their efficiency [9] . Because of their thermal stability and unique electronic properties, molecules with short units have attracted a lot of attention [10] This research is devoted to the study of molecular materials of type π-conjugate based on the ethylcarbazyl and their applications in optoelectronics. The use of the quantum chemistry methods of the DFT density functional theory and ZINDO, the objective of which is to involve itself in predictive studies designed to model the Optical properties and Electronic components of different conjugate links in order to select, before any synthesis step, the good fragments to be included for optimized structures and to evaluate the optical and electronic properties.
INTRODUCTION
The research focus on the development of new families of polymers more stable electronic conductors to air with the objective of increasing the conductivity of these materials obtained in film form usually insoluble. Consequentely the study has focused on: -Firstly, on the engineering and synthesis of these polymers so as to control the electrical optical and formatting. -Secondly, on understanding the mechanisms of transport in conjugated polymers in general.
The organic materials with π-conjugated molecules provoke a large interest because of their diverse applications [1] , especially in the fields of electronics and light-emitting diodes (LEDs) [2] , transistors [3] and solar cells [4] . This interest results mainly because these materials combine at the same time the excellent electric and optical properties of metals in the mechanical properties of the classic polymers [5] , they are light, moldable and less expensive than the traditional materials such as glasses and metals. Because of their important applications and thanks to their promising physicochemical properties, several researchers were attracted in the theoretical and experimental study of the conjugated polymers. Obtaining and understanding the structural properties and opto-electronic remain a major stake in the study of these systems. The researchers have an interest for the solar cells (hetero-junction) based on the C60 fullerene derivatives [7] , they explicate the relationship between the photovoltaic performance and the nature of acceptor groups in the compounds [8] . Low band gap materials are used to better exploit the solar spectrum and increase their efficiency [9] . Because of their thermal stability and unique electronic properties, molecules with short units have attracted a lot of attention [10] This research is devoted to the study of molecular materials of type π-conjugate based on the ethylcarbazyl and their applications in optoelectronics. The use of the quantum chemistry methods of the DFT density functional theory and ZINDO, the objective of which is to involve itself in predictive studies designed to model the Optical properties and Electronic components of different conjugate links in order to select, before any synthesis step, the good fragments to be included for optimized structures and to evaluate the optical and electronic properties.
This work carried out is thus oriented to predict theoretically the electronic and optical effects of various molecules based on ethylcarbazyl and also the doping effect on the electronic structure and the energy of gap in order to select some of these molecules for possible application on the one hand as BHJ (bulk heterojunction). In this study, our research group [11] is already designed this oligomers. These oligomers are: oligo 1, oligo2, oligo3 and oligo4 are exposed in fig1. 
II.
MATERIAL AND METHODS The geometries of the studied compounds have been completely optimized at Density Functional Theory DFT and B3LYP (Becke's Three Parameter Hybrid Functional using the Lee, Yang and Parr Correlation Functional B3LYP) [12] with 6-31G (d, p). We studied the energies of the excitation states and the oscillation forces by using the ZINDO-DFT calculations on the geometries optimized by the DFT method. Full geometry optimizations at the ground, excited, and doped states were performed under no constraints in the framework of the density functional theory (DFT) using the Gaussian 09 program [13] The ionization potential (IP) and electron affinity (EA) of the molecules were calculated as described in the formulas below:
E (M neutral ), E (M + ) and E (M -) were respectively the total energy of the neutral, cationic and anionic forms.
III. RESULTS AND DISCUSSION

III.1 Optimized ground-state geometries
After optimization of B3LYP/6-31G (d. p), we obtained the geometrical parameters of all molecules. Figure 2 shows the result of the optimized structures of the studied oligomers (Oligo 1, Oligo 2, Oligo 3 and Oligo 4). 
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In the table we showed the optimized inter-ring link lengths and the dihedral angles between the subunits.
On the one hand, we note firstly that the dihedral angle Ɵ1 increases from oligo3 to oligo2 in this order oligo3 < oligo1 < oligo4 < oligo2. The dihedral Ɵ2 increases from oligo1 to oligo3 in this order oligo1 < oligo4 < oligo2 < oligo3. The dihedral angle Ɵ3 increases from oligo3 to oligo4 in this order oligo3 < oligo2 < oligo1 < oligo4, the dihedral angle Ɵ4 increases from oligo1 to oligo2 in this order oligo1 < oligo4 < oligo3 < oligo2 and the dihedral angle Ɵ5 decreases from oligo4 to oligo3 in this order: oligo4> oligo1 > oligo2 > oligo3.
On the other hand, for the bond length and comparing with oligo4, we remark an increase in the bond length d1 for oligo3 and oligo2 and d5 for oligo3, and we note a decrease in the simple bonds d2 for oligo1, d3 for oligo1, 2, 3, and d4 for oligo2. 
III.2 Doped states
As said before, to obtain oxidized optimized structure of all oligomers, we started from the optimized structure of the neutral form. The structural parameters of oligo i (i=1-4) in neutral and polaronic states (p: positive, n: negative) are sketched in Tables 3 and Table 4 . When we pass from the neutral state to the doped state, we note that the double bonds become long, while the simple bonds become shorter. Inter-ring bonds are longer than normal double bonds (see Figure 3) Figures 4; 5; 6 and 7 presents the variety of the bond Ci-Cj of the oligomers in their neutrality and doped forms (positive (p) and negative (n)) with the number of bonds. So as to illustrate the change in oligomers structures, when we compared the bonds of the oxidized with the natural forms, we note that the bond lengths of all the molecules changed more or less (figure 3) . 
III.3. The electronic properties
The highest occupied molecular orbital (HOMO), the lowest molecular orbital energy (LUMO) levels play a very important role in the study of electronic properties, and the electron hole mobility. The Egap is defined as the difference between the two energy levels HOMO et LUMO. For a better understanding of the electronic properties of the studied oligomers, we present in Table 5 the calculated electronic properties parameters HOMO and LUMO energy levels, the energies band gap of neutral oligomers (EgapN), and band gap of polaronic oligomers (EgapP) , for the conjugated oligomers based on the presented results. (Table 5) . We note that the energies of Egap of the calculated molecules modify slightly from 3.4545 eV to 3.7750 eV. We classified in this order Oligo4> oligo3> oligo2> oligo1.
When we pass from the neutral to polaron (positive) states, the electronic properties (see Table 5 ) are changing , and in this case the energy decreases of about 0.41 eV for oligo 1 , 0.42eV for oligo2, 0.9 eV for oligo3 and 0.31 eV for oligo 4 but when there is a negative doping, there is a decrease in energy gap. Doping reduces the energy gap and consequently affects the electronic properties of the studied systems, making them more conductive systems. 
III.4 Ionization Potentials (IP) and Electron Affinities (EA)
The adequate and balanced transport of both injected electrons and holes is important in optimizing the performance of electronic devices. To approximate the energy barrier for addition of holes and electrons into the polymer we utilized the ionization potential (IP) and electron affinity (EA) (Eqs (1) and (2). Table 6 contains the ionization potential and electron affinities. For oligo1, oligo 2, oligo3 and oligo 4 the energies required to inject holes in the polymers are around 0.70785, 0.49523, 0,39712 and 0,39712 eV, in that order. 
III.5 Opto-electronic properties
The frontier molecular orbital (MO) contribution is very important in determining the chargeseparated states of the considered compounds since the relative ordering of occupied and virtual orbital gives a reasonable qualitative indication of excitations properties [15] . In figure 8 , the electron density of the HOMO and LUMO molecular orbital of the oligomers studied has been plotted. In this figure, it can be seen that, on the one hand, the molecular orbital boundaries of all the compounds have an analogous distribution character and on the other hand that the HOMOs of all these compounds show the characteristics of aromaticity, that is to say have a typically binding character with electronic delocalization for the whole of the conjugation molecule rich in electrons, whereas the LUMOs are mainly concentrated on the unit deficient in electrons and have a character Typically anti-binder. 
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III.6 Photovoltaic properties
In general the HOMO and the LUMO energy levels of the donor and acceptor compounds are very important factors to determine whether the effective charge transfer will happen between donor and acceptor. We know that LUMO energy level the ITO conduction band edge (-4. 7eV) is much lower than that for studying oligomers. These molecules in excited states have a strong ability to inject electrons into ITO electrodes. Figure 9 shows detailed data of absolute energy of the frontier orbital for studying compounds and acceptor (PCBM derivatives) [16] . The table 7 shows the HOMO these oligomers and LUMO levels of agree well with the requirement for an efficient photosynthesis. The LUMO levels of the oligomers are higher that of PCBM derivatives. We compared The HOMO and LUMO levels to investigate the possibilities of the electron transfer from the excited molecules to the conductive band of PCBM derivatives. The maximum open circuit voltage (Voc) of the BHJ solar cell is related to the difference between HOMO of the donor and the LUMO of the electron acceptor (PCBM C60 (A), PCBM C60, PCBM C70, while taking into account the energy lost during photocharge generation [17] . The theoretical values of the open-circuit voltage Voc were calculated from the expression.
We used the equation (3) for a calculated of Voc. Thus, we obtained the values of this open circuit voltage. The Voc of the studied oligomers ranges from 0,592 eV to 1,067 eV (see Table 7 ) . Therefore, all the oligomers studied can be used as electron donors in solar cells, because the process of injecting electrons from the excited molecule to the acceptor conduction band (PCBM) is possible. 
III.7 Absorption properties
We have calculated the UV-Visible spectra (figure 10) of the studied compounds oligo1, oligo2, oligo3 and oligo4 using ZINDO starting with optimized geometry obtained at B3LYP/6-31G (d, p) level. As illustrated in Table 8 show that there is a bathochromic shift when passing from Oligo 4 to Oligo1 in the following order oligo4 → oligo 3 → oligo2 → oligo1 which also can be seen respectively en oligo4 (396,315 nm), oligo3 (426,308 nm) , oligo2 (433,235 nm)et oligo1 (442,197nm ) .This effect is obviously due to insertion of different donor or acceptor into the p-spacer units. This seems evident when we study the electronic and absorption properties  All the studied molecules can be used as sensitizers because the electron injection process from the excited molecule to the conduction band of PCBM and derivatives and the subsequent regeneration are feasible in the organic sensitized solar cell.  The absorption maximums of these compounds are in the range 396.315 -442.197 nm  This calculation procedure can be used as a model system for understanding the relationships between electronic properties and molecular structure and also can be employed to explore their suitability in electroluminescent devices and in related applications. Presumably, the procedures of theoretical calculations can be employed to predict and assume the electronic properties on yet prepared and efficiency proved other materials, and further to design new materials for organic solar cells.
